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1.0  ABSTRACT
The Food Hygiene Package is a body of European Regulations laying
down hygiene rules for foodstuffs produced in the EU and non-EU countries
exporting to the EU. The pursuit of a high level of protection of human life
and health is one of the fundamental objectives of this laws package. Some
points of EC Regulations undergo to critical review by the Commission, and
particular attention was given to fishery products.  Commission Regulation
(EC) No 2073/2005 of 15 November 2005 on microbiological criteria for
foodstuffs, in Annex I, Chapter 1, lays down the food safety criteria for live
bivalve molluscs and live echinoderms, tunicates and gastropods and sets
sampling-plans,  limits  and  analytical  reference  methods  only  concerning
bacterial micro-organisms of  Salmonella spp. and  Escherichia coli genera
(1). 
Epidemiological  data  of  the  last  years  reported  the  consumption  of  live
bivalve shellfish  infected  by enteric  viruses  as  common cause  of  human
gastroenteritis.  Norovirus  resulted  the  leading  cause  of  all  human
gastroenteritis outbreaks worldwide.
For this reason, in the first part of Reg. (EC) No 2073/2005, in the whereas
at  point  12,  it’s  written  that  the  Scientific  Committee  on  Veterinary
Measures relating to Public Health (SCVPH) issued an opinion on Norwalk-
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like viruses (NLVs, noroviruses) on 30-31 January 2002. In that opinion it
concluded  that  the  conventional  fecal  indicators  are  unreliable  for
demonstrating the  presence or absence of NLVs and that  the reliance on
fecal bacterial indicator removal for determining shellfish purification times
is unsafe practice. So  Salmonella and  Escherichia coli can not be used as
only indicators of  safety criteria in live bivalve molluscs. In particular, at
following points we can read that it  may be necessary to set harmonized
sampling frequencies at Community level, particularly in order to ensure the
same level of controls to be performed throughout the Community. Finally
it’s confirmed that criteria for pathogenic viruses in live bivalve molluscs
should  be  established  when  the  analytical  methods  are  developed
sufficiently (at point 27) (1).
In  response  to  concerns  expressed  by  EU  Regulations  and  taking  into
account the latest epidemiological data, the international networks dealing
prevention,  communication  and  control  of  human  food  borne  illness
diseases  caused  by  enteric  viruses  have  intensified  their  researches  on
norovirus.  In the past  few years, numerous research projects financed by
government  departments  and  international  organizations  have  been
implemented in order to get more information on these viral pathogens and
check most hazardous areas.
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Among the areas traditionally known for a high fish consumption, there are
the Southern Italy regions, where mussels are highly appreciated.  Mytilus
galloprovincialis  accounts  for over 22.4% of annual  consumption of fish
(data  by  E.U.,  Unimar,  Ismea  e  Uniprom), particularly  in  Campania  the
mussels consumption was calculated to be about 41 000 tonnes each year.
Since  ancient  times,  in  most  coastal  areas  the  custom of  eating  raw or
undercooked bivalve shellfish remains common. In this way, however, the
assumption of norovirus eventually present and bioaccumulated in shellfish
makes  easier.  Noroviruses  are  highly  resistant  to  adverse  environmental
conditions and a simple shellfish cleaning or the application of so-called
"mild  technologies",  such  as  steaming,  are  unable  to  eliminate  viral
contamination. 
Among  filter  feeders  bivalve,  oysters  are  the  species  most  common  in
France. In fact the French coastal areas produce more than 90% of oysters in
the EU and France has the historic first for production and consumption of
these molluscs (2).  Oysters are traditionally eaten raw, still  alive,  mostly
with a few drops of lemon juice. As for  Mytilus galloprovincialis, oysters
can represent an hazard for the occurrence of human food borne illness from
enteric viruses.
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In the  course of  my PhD studies,  I  have dealt  with  norovirus  in  bivalve
molluscs.
During my first  year of PhD study, I  concurred to  the development of  a
method for detection of norovirus in live bivalve molluscs working together
with researchers of the ISS. The method is based on the use of Real Time
RT PCR. During our researches it has been subjected to inner validation by
the ISS and it resulted provided of efficiency to research norovirus in live
bivalve molluscs. So the Italian Ministry of Health with Note of 24/11/2009
established the one-step Real Time RT-PCR protocol as the official method
to research norovirus in live bivalve molluscs (3).
After this period, during the second year of my PhD studies, I worked for a
national monitoring to test norovirus presence in bivalve molluscs. The one-
step Real Time RT PCR protocol was used again. Studies have been carried
out within a project financed by Campania Region. Shellfish collected from
harvesting areas and bought at retailers located on the three coastal districts
of Naples, Caserta and Salerno have been tested for norovirus presence.
During  the  last  year,  my  scientific  experience  has  been  enriched  by  a
collaboration with IFREMER researchers.  IFREMER is one of the French
national research centers taking part in FBVE-network. I have worked at the
section  of  the  Virology  of  Laboratory  of  Microbiology  (MIC)  sited  in
Nantes,  that  was  indicated  National  Reference Laboratory (NRL) for  the
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control of bacterial and viral contamination of bivalve molluscs in France
by the  French  Ministry  of  Agriculture  and  Fisheries.  IFREMER has  the
same functions of the Italian NRL concerning norvirus research and control.
During my stage at IFREMER, bioaccumulation physiological activity was
analyzed in oysters living in seawater contaminated by Norovirus spp. The
research  was  carried  out  on  samples  of  Crassostea  gigas coming  from
different harvesting areas located along the Atlantic coast of Brittany, area
known  for  oysters  production  worldwide. For  bioaccumulation  studies
classified and quantized strains of norovirus GI.1 and GII.3 were used. At
the IFREMER laboratory, the one-step RT Real  Time PCR protocol  was
used and further validated. 
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2.0  INTRODUCTION
2.1 Norovirus
Noroviruses  (NoVs)  is  one  of  the  most  common agents  of  human
viral  gastroenteritis  and  a  leading  cause  of  food-borne  gastroenteritis
worldwide (4).
Norovirus was first recognized as a cause of gastroenteritis in 1972, when it
was  detected  by  Dr.  Kapikian  and  colleagues  in  stool  samples  collected
from infected elementary school students during an outbreak in Norwalk,
Ohio, in 1968. For that reason, these viruses were originally called Norwalk
- Like virus (5, 6).
The virus particle was identified four years later the Norwalk gastroenteritis
outbreak. In fact at first the virus characterization was very difficult because
it was impossible using the traditional methods for virus detection. Albert Z.
Kapikian  bypassed  the  classical  tissue-culture  virology  approach,  which
relies on the ability of a virus to infect and produce a change in cells or to
infect an animal model. He used a novel approach of “direct virology”, in
which the virus particle itself is studied directly as the “center of attention”
without the benefit of an in vitro or animal model system. Kapikian used a
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technique  known  as  Immune  Electron  Microscopy  (IEM).  This  method
allowed the direct  observation of  antigen-antibody interaction and it  was
essential for the recognition and identification of a 27-nm virus-like particle
that did not have a distinctive morphology, was low-titered, and was one the
smallest viruses known. That and other evidence suggested that this virus-
like particle was the etiologic agent of the Norwalk gastroenteritis outbreak.
The fastidious 27-nm Norwalk virus is now considered to be the prototype
strain of a group of noncultivatable viruses (7).
Norovirus was declared a member of  the  Caliciviridae family of  viruses
only in 1993 thanks to cloning and sequencing of its genome. Caliciviridae
family  comprises  four  genera,  Vesivirus that  includes  Feline  calicivirus,
vesicular  exanthema  of  swine  virus,  and  San  Miguel  sealion  virus,
Lagovirus that  includes  rabbit  hemorrhagic  disease  virus  and  European
Brown hare syndrome virus, Sapovirus (SV), once known as Sapporo-Like
virus (SLV) or “typical caliciviruses” and Norovirus (8). All viruses of the
Caliciviridae family are morphologically similar to each other.
Noroviruses are also known as Small Round Structured Viruses (SRSV), in
fact the small virions contain RNA molecule in round to hexagonal capsids
that  are  35-39  nm in  diameter,  with  icosahedral  symmetry.  The  surface
structure of the capsid is a regular pattern with distinctive features and 32
cup-shaped depressions, typical of Caliciviridae family (Fig. 1).
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                       Figure 1: Norovirus spp.
Structural  analysis  of  the  norovirus  capsid  showed  it  is  formed  of  180
capsid proteins (VP1) arranged to form a T=3 icosahedral virion. Capsid
protein has a molecular weight of around 55–60 kDa and is organized into
two domains. A protein domain is a part of protein sequence and structure
that  can evolve its  functions, and exists  independently of  the rest  of the
protein chain. Domains molecular evolution and instability are responsible
of high genetic variability in norovirus.
The capsid surrounds and protects the norovirus genome, a single-stranded,
positive-sense RNA molecule of 7.3-7.7 kilobases that is polyadenylated at
its 3’end. The genome encodes three open reading frames (ORFs). ORF 1 is
the largest (approximately 1700 amino acids) and expressed as a 200-kDa
nonstructural  polyprotein  precursor  that  is  cleaved  by  the  viral  3C-like
protease  (3CL).  The  cysteine  proteinase  yield  the  mature  nonstructural
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proteins.  ORF1  polyprotein  can  be  divided  into  at  least  six  functional
proteic  domains  and  one  of  each  is  RdRp  or RNA-dependent  RNA
polymerase  (9).  ORF2  (550  amino  acids)  encodes  the  60-kDa  major
structural capsid protein (VP1) organized into 90 dimers. ORF3 encodes the
minor  structural  capsid  protein  VP2  a  small  basic  protein  of  unknown
function actually (6) (Fig. 2).
Figure 2: Norovirus genome
The  VP1  protein  forms  two  domains:  P (protruding,  P1  and  P2)  and  S
(shell).  Most of the cellular interactions and immune recognition features
are thought to be located in the P2 sub-domain, which extends above the
viral surface and has the most sequence divergence in the genome (10, 11,
12). The capsid protein not only provides shell structure for the virus but
also  contains  cellular  receptor  binding  site(s)  and  viral  phenotype  or
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serotype determinants. The function of VP2 associates with upregulation of
VP1 expression in cis and stabilization of VP1 in the virus structure (13,
14).
Nucleotide  sequencing  and  phylogenetic  analysis  showed  that  norovirus
genus  contains  more  than  40  different  strains  that  are  divided  into  5
genogroups  (GI  to  GV)  based  on  sequence  similarity.  Virus  strains
belonging to different genogroups have about 51–56% genomic nucleotide
similarity, whereas the structural proteins usually differ by more than 50%
in capsid amino acid sequence are even more variable strains of different
genogroups.
Viruses in genogroups I, II, and IV are primarily human pathogens, although
genogroup II contains a porcine-specific virus. Viruses in genogroup III and
V infect bovine and murine species, respectively. Norovirus GII has been
shown to account for the majority (up to 92%) of reported norovirus human
gastroenteritis  cases,  GI accounts  for the large majority of  the remaining
cases. NoVs GIV was detected rarely (15).
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Figure 3: Norovirus spp
Each genogroup is further subdivided into genoclusters based on sequence
similarity.  Strains  in  a  genotype  have  69-97% similarity  at  the  genomic
level, whereas the structural proteins generally differ by up to 40% in capsid
amino acid sequence.
Noroviruses  genogroup I  (GI)  are  subdivided  into  at  least  15  genotypes
(GI/1 to GI/15) and genogroup II (GII) viruses into 18 (GII/1 to GII/18).
Human noroviruses  (NoVs)  of  genogroup  II,  genotype  4  (GII.4)  are  the
most  common  strains  detected  in  outbreaks  of  acute  gastroenteritis
worldwide, in fact it causes 70 – 80% of norovirus gastroenteritis outbreaks.
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Norwalk virus, Southampton Virus (GI-2), Desert Shield virus (GI-3) and
Valletta virus (GI-4) are classified into norovirus genogroup 1 (GI). Hawaii
virus (GII-1), Snow Mountain virus and Melksham virus (GII-2), Mexico
virus  (GII-3)  and  Grimsby virus  (GII-4)  are  classified  into  genogroup  2
(GII).  Recent  evidence  indicates  that  evolution  in  some  genotypes  is
sufficient  to  generate  mutant  clusters  that  have  new  ligand-binding
characteristics and antigenic properties. In fact, for example, evolution in
the  GII.4  genotype  results  in  differential  receptor  binding  and  novel
antigenic features, suggesting that the GII.4 noroviruses are evolving over
time, with escape mutants being periodically selected for herd immunity. In
addition,  similar  phylogenetics-based  studies  of  the  GII.2  and  GII.3
genotypes  have  suggested  analogous  patterns  of  evolution,  with  evolved
clusters  that  may contain  novel  innovations  that  alter  viral  structure  and
function. The same work suggests that the GI genogroup of noroviruses has
undergone  limited  evolution  with  little  phenotypic  innovation. This  is
shown in the phylogenetic tree, in which the GI genotypes are less distant
from  one  another  compared  with  the  GII  genotypes  (Fig.4). Actual
crystallography studies  comparing  the  structures  of  multiple  GI  and  GII
capsid  proteins  along  with  mutagenesis  experiments  and  studies  of
carbohydrate  ligand-binding  characteristics  should  help  to  elucidate  the
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differences in the structural constraints between these two genogroups (16).
Figure 4 : NoVs GI and GII phylogenetic tree
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2.2 Norovirus as cause of gastroenteritis
Gastroenteritis is an inflammation of the digestive tract, particularly
the  stomach,  and  large  and  small  intestines.  Viral  and  bacterial
gastroenteritis  are  intestinal  infections  associated  with  symptoms  of
diarrhea, abdominal cramps, nausea, and vomiting. Infectious gastroenteritis
may be caused by viruses, bacteria, parasites or biologic toxins.
The  most  important  pathogens  responsible  of  toxinfection  disease  are
Listeria  monocytogenes,  Campylobacter  jejuni and  coli,  verocitotoxic
Escherichia  spp.,  Salmonella  enteriditis and  typhimurium,  Yersinia
enterocolitica.  There were 76 million cases of food related illness in the
USA per year and in a retrospective survey it was estimated that over five
million people per year in the UK suffered from acute gastroenteritis which
they ascribed to contaminated food. Gastroenteric diseases are caused by the
“food-borne  pathogens”  (17).  In  2000  in  UK  and  Wales  occurred  1,3
millions cases of food-borne diseases and 480 deaths brought on pathogens
as Campylobacter,  Salmonella and  Listeria monocytogenes  (18). Until few
years ago Salmonella spp. was the most common bacterial cause of human
gastroenteritis with more than one million of patients each year. At present
Campylobacter spp. is the main food-borne pathogens and it records more
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gastroenteritis  cases  than  the  episodes  collected  by Salmonella spp. and
Shigella spp. together. 
Viruses  are  considered within  emerging  pathogens  responsible  of  human
gastroenteritis,  so the increasing spread of enteric viruses is an emerging
problem. In later years many scientists are involved solving that problem all
over the world (19).
Human enteric viruses as causes of foodborne disease can be classified into
three main groups:
– Gastroenteritis viruses;
– Hepatitis viruses carried by intestine;
–  Viruses  increasing  in  human  intestine  and  they  cause  diseases  after
migration to others anatomic organs, as the SNC or the liver.
Sapovirus (SaV),  Hepatitis  A  virus (HAV),  Astrovirus,  Rotavirus and
Norovirus (NoV) are viruses responsible for human direct gastroenteritis.
Norovirus  differs  from other  agents  of  gastroenteritis  because  it  causes
disease in adults (teenagers and above), thus NoVs are the most significant
diarrheal virus in terms of working/education days lost. Secondly, it induces
a high level of explosive projectile vomiting that may be the first obvious
sign of infection. Finally, although there are probably multiple serotypes of
NoVs, immunity to all  seems to be short-lived.  Thus individuals  may be
protected for only a few months following an infection before they become
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infective once more by the same virus. It is now thought likely that they lack
the cell-surface receptor (a carbohydrate antigen) to which the virus must
bind  to  initiate  infection  (20).  During  last  years  data  suggest  that  blood
group secretor  status  may be  susceptibility  alleles  for  some,  but  not  all,
norovirus  infections  in  humans.  These  are  just  some  recently  proposed
mechanisms for the ways in which the Human norovirus may select for its
human host.
As for all the agents of gastrointestinal disease, the main portal of entry for
infection is the oral route. Norovirus have a low infectious dose from 10 to
100 virus particles, meaning that only a few infectious virus particles can
cause infection, and environmental contamination may prolong outbreaks.
Surfaces,  serving  dishes  or  containers,  utensils,  and  food  handled  by  ill
persons who are not practicing adequate personal hygiene before preparing
food may also contribute to illness. Virions are acid-stable, enabling them to
pass the gastric barrier and get the small intestine, where they can multiply.
Noroviruses fix on intestinal mucosa and their incubation period, the time
between catching the virus and developing symptoms, is very short, usually
between 24 and 48 hours.
Recent studies indicate that susceptibility to NoVs infection is associated
with  ABH  histo-blood  types,  gut-expressed  carbohydrates,  and  strain
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preferences  norovirus  infection  is  associated  with  ABO blood  type  and
VLPs representative of both major genogroups GI and GII bind histo-blood
group  antigens  on  gastroduodenal  epithelial  cells  and  in  saliva  of
individuals with secretor phenotypes. Human norovirus does have a binding
specificity within the human species, however. ABH and Lewis histo-blood
group antigens are carbohydrate epitopes present throughout many tissue of
the human body. The type 1 and 3 chain ABH histo-blood group antigens
are present  on mucosal  epithelial  cell  surfaces and in salivary secretions,
with variations in the carbohydrates in different individuals based on their
secretor status and blood type. Recent observations suggest that norovirus
likely attaches to either H types 1 or 3 present on gastroduodenal epithelial
cells (6).
Noroviruses are transmitted primarily through the fecal-oral route, either by
consumption of fecally contaminated food or water or by direct person-to-
person spread. Environmental and fomite contamination may also act as a
source  of  infection.  Good  evidence  exists  for  transmission  due  to
aerosolization of vomitus that presumably results in droplets contaminating
surfaces or entering the oral mucosa and being swallowed. Norovirus can
spread  very  easily  touching  surfaces  (such  as  toilet  seats,  bed  rails,
furniture)  that  have  virus  on  them.  During  outbreaks,  several  modes  of
transmission  have  been  documented  as  for  example,  initial  foodborne
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transmission  in  a  restaurant,  followed  by  secondary  person-to-person
transmission to  household  contacts.  In more or  less  closed communities,
such as hospitals, restaurants, schools, and hotels, fast-moving widespread
of outbreaks may occur.
After infection, norovirus incubation period is 24-72 hours. This is the time
between catching the virus and developing symptoms. Norovirus cause an
acute gastroenteritis  characterized  by  a  sudden  onset  of  nausea  as  first
symptom, which  is  followed by projectile  vomiting and watery diarrhea.
Some people may also have a raised temperature (over 38º C), headaches,
stomach cramps and aching limbs. Symptoms normally last from 12 to 60
hours but most people make a full recovery within two to three days. There
are no long-lasting effects from having a norovirus infection. However in
Holland it is reported a norovirus gastroenteritis outbreak where virus was
detected up to 20 days after infection in 10% of cases (21).
Norovirus illness is usually a short-term, self-limiting disease in people who
are otherwise healthy. No hospitalization  or  medical  advice are  required.
But, the infection can cause severe vomiting and diarrhea and this can lead
to dehydration (loss  of  too much water from the body),  that  can lead to
serious problems young children, the elderly, and people with other illnesses
are  most  at  risk  for  dehydration.  Severe  dehydration  may  require
hospitalization for treatment with intravenous fluids. Thus it is important to
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prevent dehydration during norovirus illness. Before the medical advice, the
best  way to  protect  against  dehydration is to drink plenty of liquids;  the
most helpful fluids for this purpose are oral rehydration fluids (22).
No vaccine is currently available to prevent NoVs disease in humans and
there is no drug to treat people who are infected with the virus. Antibiotic
drugs  will  not  help  for  norovirus  infection,  because  they  fight  against
bacteria not viruses. The infection can only be treated with drugs that act on
the  symptoms  of  the  disease.  In  addition  as  previously  mentioned,  the
immunity to norovirus is usually incomplete, only temporary and probably
not  extended to  different  genotypes.  That  is  because there  are  numerous
norovirus  viral  strain  with  different  antigenic  properties  and it  exists an
inherited predisposition to infection: individuals with blood type O are more
often infected, while blood types B and AB can confer partial  protection
against symptomatic infection.
The main infection  sources  are people  infected with norovirus.  They are
contagious from the moment they begin feeling ill to at least 3 days after
recovery. The virus may be shed (discharged from the body through vomit
or stool) for 2 weeks or more after recovery, although it is unclear whether
the virus shed during this time is infectious. During the infection peak one
gram of feces may contain up to 10,000,000 viral  particles,  and a single
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episode  of  vomiting  may  contaminate  the  environment  with  30,000,000
viral particles. Viral shedding continues over 72 hours after symptoms end. 
Releasing into the open air, norovirus can persist active and vital for a long
time: noroviruses are highly resistant to adverse environmental conditions.
They  can  survive  chlorination  (in  concentrations  up  to  10  ppm)  and
temperatures ranging from below 0 °C to 60 °C and higher. Norovirus keeps
at  acid  pH  of  2.7  and  at  disinfectant  treatment  with  ether-ethanol  and
common  detergents.  A recent  study  regarding  the  persistence  of  human
noroviruses  in  waters  showed  that  norovirus  genome  may  persist  1-3
months in different types of water (mineral, tap water and river).
All  these  characteristics  are  responsible  of  high  contagious  ability  of
noroviruses and explain the difficult decontamination of surfaces and food
and the cosmopolitan distribution of the virus.
In addition, the high environmental resistance of NoVs, the high number of
particles  released  and  the  low  infectious  dose  clarify  the  increase  of
gastroenteritis  outbreaks caused by norovirus registered  during last  years
(23).
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2.3 Epidemiology and control of Norovirus
Since  the  Eighties,  market  globalization  led  to  a  gradual
intensification  of  relations  and  exchanges  worldwide  in  all  fields.  Main
effect was a strong economic and cultural convergence among the countries
of the world, but also a greater chance that diseases typical of certain ethnic
groups spread beyond the borders. Monitoring and control of infection are
the most important ways to limit this problem. Epidemiological information
exchanging among countries and a rapid circulation of   informations are
necessary. Epidemiological data must be collected, provided and disclosed
using  reliable  and  standard  scientific  criteria.  Beside  to  the  continuous
circulation of the most common bacterial pathogens, epidemiological data
show that gastroenteritis viruses, especially norovirus, are multiplying and
spreading. Since the first norovirus identification in 1972, they caused many
infection outbreaks in all countries around the world. At first, informations
about the virus were few and unclear because there were many difficulties
associated with inadequate diagnostic techniques. Nowadays virus data are
larger thanks to the spreading of innovative methods (7, 23).
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The first  remarkable references on norovirus infections epidemiology are
dated from the early Nineties. In fact the CDC (Centers for Disease Control
and Prevention) in the United States recorded more than 8000 outbreaks
characterized by symptoms of gastrointestinal type in the population from
1991  al  2000. The  number  of  foodborne  outbreaks  ranged  from  411
outbreaks in 1992 to 1,414 in 2000, and increased markedly in 1998, when
the  reporting  system was  changed.  In  fact  a  more  sensitive  and  simpler
assays  were  developed  to  detect  NoVs by  identifying  viral  RNA.  NoVs
gastroenteritis  outbreaks  were larger  than bacterial  ones:  median persons
affected  was  25  versus  15.  The  number  of  NoVs  confirmed  outbreaks
increased markedly from 11 outbreaks in 1996 to 164 in 2000 (12% of all
reported outbreaks). Comparing these data with those of the entire decade
examined, the proportion of NoVs confirmed outbreaks increased from 1%
in 1991 to 12% in 2000. This increasing was registered in the 11 states of
U.S.A. that adopted the new RT-PCR method for the routine detection of
NoVs. Particularly PCR was applied in outbreaks in which specimens tested
negative  for  common  bacteria.  When  RT-PCR  was  used,  a  NoVs  was
identified  as  the  etiologic  agent  in  93%  of  outbreaks  of  nonbacterial
gastroenteritis submitted for testing to CDC from 1997 to 2000. However,
this selection was of specimens from outbreaks of illness characteristic of
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